SUMMARY Experiments have been carried out to test the feasibility of using cryo-irrigation as a means of ablating the synovium in the rheumatoid knee joint. Cryo-irrigation was performed by a cooling machine and pump, which circulated cold 200/10 centistoke (cSt) silicone through the knee joint of rabbits anaesthetised with intravenous (IV) 'Saffan'. Fluid left the joint at -5 to -10°C. Sixteen normal New Zealand rabbits received cryo-irrigation of one knee joint for 10-20 minutes and were killed at one day, and one, two, and 12 weeks thereafter. Judged by radioactive sulphate incorporation there was no impairment of chondrocyte function in the articular cartilage of irrigated joints. Histological examination showed mild synovitis and some loss of staining of superficial cartilage in 6/16 irrigated joints (v 1/16 control joints). Similar treatment of rabbit joints in which the Glynn model of synovitis had been induced showed marked reduction of synovitis 14-45 days after silicone treatment. Nine of 26 animals in which synovitis was induced in both knees and cryo-irrigation performed in one knee died either immediately postoperatively or during the next week. These deaths remain unexplained. A single dog received cryo-irrigation of one knee (-6 to -9°C for 22 min) and remained perfectly well up to sacrifice at six months, when the joint appeared histologically completely normal.
Clear evidence points to the proliferated synovial membrane playing a central part in the destructive joint changes of rheumatoid arthritis. Predictably Experimental cryo-irrigation of the knee joint 867 polymorphonuclear leucocytes and some lymphocytes present one day after experimentation on the other side. The articular cartilage showed loss of staining of the matrix in six of the cold perfused knees, and in four of these there was also loss of staining of chondrocytes. There was no correlation between the occurrence of these changes and the time interval between perfusion and examination, the changes being seen after one day (1/3), one week (1/2), two weeks (3/8), and 12 weeks (1/3) (Fig. 3) . Loss of staining was seen in the unperfused left knee of one animal seven days after cold silicone treatment to the opposite knee, which itself showed no cartilage abnormality. The articular cartilage was normal in all the other joints examined whether from the perfused or unperfused side (Fig. 3b) .
Areas of previous bone necrosis were seen in the subchondral bone in four of the cold perfused knees where there were cartilage changes. There was evidence of healing, with appositional new bone formation and normal fat and haemopoietic tissue in the related intertrabecular spaces (Fig. 4) Seventeen rabbits sensitised with BSA and challenged into the knee on two occasions were available for examination of the effects of cold silicone perfusion on this experimental synovitis. They were cold perfused with 200/10 cSt silicone into one joint five weeks after the second intra-articular challenge. Five were killed after one day, four after one week, seven after two weeks, and one after four weeks.
A well developed synovitis was apparent in the sensitised and challenged joints on the side not receiving cold silicone treatment. This was characterised by intimal cell hyperplasia and surface fibrin deposition. There was a diffuse infiltrate of lymphocytes, and plasma cells and lymphoid follicles were present in three cases after one day, two at one week, and one at two weeks (Figs 6a and 7a) . The typical features of silicone in the tissues were seen in the synovium of the perfused joints (see Fig. 2 ). One day after cold silicone perfusion there was also some infiltration with lymphocytes and plasma cells (Fig.  6b) , while polymorphonuclear leucocytes were seen in two of these synovia. One week after perfusion the synovitis was less well marked compared with the untreated side (Fig. 7b) after perfusion, but lymphocytes and plasma cells were still present. Two weeks after cold treatment no lymphoid infiltration and only a few plasma cells were seen in six out of seven animals. Four weeks after treatment one animal showed mild residual synovitis in the perfused joint, while a further single rabbit showed decreased synovial inflammation. Examination of the cartilage showed some loss of staining of the cartilage matrix in three silicone perfused joints and in three which had not been perfused. In two of these changes were observed in animals killed seven days after cold silicone perfusion and a further example after two weeks, while the unperfused joints showed abnormality in one animal after one day and in two others seven days from the beginning of the experiment.
COLD SILICONE PERFUSION OF A NORMAL DOG KNEE JOINT
The right knee joint of a single dog was perfused with cold silicone (200/10 cSt) at -6 to -9°C for 22 minutes. The animal showed no adverse effects during the procedure and subsequently remained fully mobile. It was killed six months later and both knees examined histologically. No abnormalities were detected in the knees macroscopically and no histological changes were seen in the bone, cartilage, or synovium on either side, apart from the typical appearances of silicone in the soft tissues of the perfused joint. Specifically there was no bone death or loss of cartilage staining (Fig. 8) .
Discussion
The results of these experiments indicate that it is technically feasible to cryo-irrigate the rabbit knee joint, and that such cryo-irrigation produces a significant reduction in experimental immune synovitis. The experience gained in the use of the cooling equipment suggests that comparable cryo-irrigation of the human rheumatoid knee joint would be technically straightforward.
This These experiments provide only very preliminary information about the safety of this technique. The injection of silicone itself (at ambient temperature) clearly produces some histological changes in the synovium over the period covered by these experiments. Whether these may be harmful is unknown. Fig. 8a group.bmj.com on January 27, 2018 -Published by http://ard.bmj.com/ Downloaded from Certainly, large numbers of patients have received intra-articular injections of silicone (with the material being left in the joint, not removed as would happen after cryo-irrigation), and no significant ill effects have been noted.2 3 The unexplained postoperative deaths of nine out of 26 animals in which cryo-irrigation was carried out in one knee after induction of synovitis in both knees leaves a question mark over the general safety of this procedure. Further experiments involving larger animals will be required to answer this question.
Another important question is whether cryoirrigation damages articular cartilage. Six out of 16 cold treated joints (and 1/16 untreated joints) showed some minor loss of cartilage staining. This could indicate altered chondrocyte function, which might be temporary. The sulphate incorporation studies indicate that there was no gross chondrocyte dysfunction in most of the treated joints. The presence of subchondral bone death in some animals is evidence that the blood supply to the bone may be in jeopardy during the cold irrigation procedure. The fact that similar loss of staining and subchondral bone death occurred in animals perfused with silicone at ambient temperature, however, suggests the possibility that the actual perfusion of the joint rather than the temperature of the perfusate may be important. It is possible that despite careful design of the apparatus to avoid high pressure in the joint this occurred in some animals and was the cause of local alteration in blood supply, with damage to subchondral bone. In all animals in which this occurred there was evidence of well established healing around the dead bone. The poor correlation between [35S]sulphate incorporation and the results of histological analysis may be due to sampling differences within the joint. It is difficult, otherwise, to reconcile high sulphate incorporation with loss of staining in the cartilage.
The result of the single longer term dog experiment is encouraging, especially since no evidence of cartilage or bone changes was seen. Whether the size of the joint is important is unknown, and further experiments in the dog are planned to examine this system further.
In summary, these results show that cryoirrigation is feasible in the rabbit knee joint, and the procedure should therefore present no technical problems in the larger human rheumatoid knee joint. It can produce inhibition of experimental immune synovitis, with what may be no more than transient changes in articular cartilage. We believe that these results justify more detailed and longer term experiments in animals, with a view to the possible use of this technique in the diseased human knee joint.
